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A B S T R A C T   
When we treat an animal’s welfare as an individual experience, we should consider the possibility that it may be 
associated with individual differences in personality. We tested for such associations in 44 socially housed rhesus 
macaques (Macaca mulatta) that lived at the California National Primate Research Center. For each macaque, we 
obtained ratings on a 16-item welfare questionnaire, a 4-item subjective well-being questionnaire, and a 54-item 
personality questionnaire, the last of which we used to define each macaque’s standing on six personality do-
mains—Confidence, Openness, Dominance, Friendliness, Activity, and Anxiety—identified in an earlier study. 
Finally, we used focal animal sampling to obtain measures of behavior. We found evidence for interrater 
agreement for all the welfare items, all but one item from the subjective well-being questionnaire, and all but 
four items from the personality questionnaire. Using principal components analysis, we found the welfare and 
subjective well-being survey items loaded together onto a single component. Macaques higher on this dimension 
received less aggression, engaged in fewer displacement activities (e.g., scratching), and were rated as higher in 
Confidence, Openness, Dominance, and Friendliness. These results are consistent with reports on chimpanzees 
and brown capuchin monkeys and constitute further evidence that observer ratings are based on observed 
behavioral states, suggesting them to be a psychometrically valid way to assess primate welfare.   
1. Introduction 
In humans, the positive associations between subjective well-being 
and personality traits related to sociability (e.g., Extraversion) and 
negative associations between subjective well-being and traits related to 
anxiety (e.g., Neuroticism) are well-established (DeNeve and Cooper, 
1998; Steel et al., 2008). To study this in nonhuman primates, King and 
Landau (2003) devised the subjective well-being questionnaire, which 
they modeled on human subjective well-being scales (Diener and 
Emmons, 1984; Diener et al., 1999; Sandvik et al., 1993). Using this 
questionnaire, nonhuman primate studies also find that higher subjec-
tive well-being is associated with higher sociability and lower anxiety 
(Inoue-Murayama et al., 2018; Weiss et al., 2009, 2006). For example, 
adult rhesus macaques that were higher in Confidence and Friendliness 
and lower in Anxiety were rated as higher in subjective well-being 
(Weiss et al., 2011a), whereas in infant rhesus macaques, it’s been 
found that those higher in Openness and Dominance and lower in 
Anxiety are rated higher in subjective well-being (Simpson et al., 2019). 
Furthermore, as in human studies, the work on subjective well-being in 
nonhuman primates has shown that it is stable over time (King and 
Landau, 2003; Weiss et al., 2011b), heritable (Adams et al., 2012; Weiss 
et al., 2002), and, at least in orangutans, associated with longer life 
(Weiss et al., 2011a). 
Observer ratings have only recently started being used to assess an-
imal welfare (as reviewed by Meagher, 2009 and Whitham and Wie-
lebnowski, 2009). As with studies on animal personality ratings (see 
reviews by Carter et al., 2013; Gosling, 2001; study by Freeman et al., 
2013), before welfare ratings can be used practically, they must be 
proven to be methodologically sound, for example, by showing them to 
be reliable (e.g., observers agree, ratings are consistent over time) and to 
converge with other welfare measures, such as established surveys, 
behavioral indicators, and physiological responses. Welfare surveys 
have the potential to be an affordable and fast addition to animal welfare 
methodologies (Whitham and Wielebnowski, 2009) as animal facilities 
have limited resources (e.g., staff time) to perform traditional forms of 
welfare assessment (e.g., formal behavioral observations, hormonal 
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analyses). 
Studies thus far have found that observers unfamiliar with individual 
animals tend to agree on their ratings of farm animal emotion (in sheep: 
Phythian et al., 2013; in dairy cows: Rousing and Wemelsfelder, 2006; in 
pigs: Wemelsfelder et al., 2000) and pain-related postures (in dairy 
cattle: O’Callaghan et al., 2003). Two studies on brown capuchin 
monkeys Sapajus apella (Robinson et al., 2016) and chimpanzees Pan 
troglodytes (Robinson et al., 2017) examined whether observers that 
were familiar with individual animals could reliably rate their welfare. 
The researchers found that observers tended to agree on welfare ratings. 
Moreover, when taken at multiple time points, as they were in a study of 
chimpanzees, welfare ratings showed evidence of stability along with 
convergence with behavioral observations (Robinson et al., 2017). 
Specifically, higher ratings of welfare and subjective well-being were 
associated with decreased occurrence of regurgitation, coprophagy, and 
urophagy, which suggests that these ratings of welfare and subjective 
well-being were based on observed behaviors rather than anthropo-
morphic projections (Table 4 in Robinson et al., 2017). Additionally, 
welfare ratings of brown capuchins and chimpanzees were highly 
correlated with subjective well-being ratings (rs>0.90), suggesting that 
animal welfare and subjective well-being surveys are measures of the 
same construct (Robinson et al., 2017, 2016). In these studies, it was also 
found that chimpanzees that were higher in Extraversion and lower in 
Neuroticism and brown capuchins that were higher in Sociability and 
Assertiveness and lower in Neuroticism and Attentiveness were judged 
to have higher welfare. 
For the present study, we addressed similar questions about welfare 
in rhesus macaques Macaca mulatta housed at the California National 
Primate Research Center (CNPRC). Large numbers of rhesus macaques 
are kept in captivity (Carlsson et al., 2004), and may show signs of 
distress, such as through the performance of self-injurious behaviors 
(Lutz et al., 2003). Additionally, ensuring the welfare of animals used in 
research is also increasingly being considered critical for ensuring the 
validity of the data collected from such animals (e.g., Richter et al., 
2009), as poor welfare can be associated with patho-behavioural and 
patho-physiological changes in animals and such responses not only 
compromise welfare but potentially increase the variability, and so 
decrease the validity, of the data. Given all this, concern over rhesus 
macaque welfare is considerable and interest in improving their welfare, 
and that of other research animals, with the goal of producing higher 
quality science is increasing (Poole, 1997; Prescott and Lidster, 2017). 
Additionally, the structure of rhesus macaque personality has been 
previously studied with Weiss et al. (2011b) finding their personality to 
be made of up of six personality dimensions: Confidence, Openness, 
Dominance, Friendliness, Activity, and Anxiety. Weiss et al. found these 
components to be consistent over time and observer and to show 
excellent internal consistency, making this structure appropriate for use 
in other studies. Taken together, this made rhesus macaques an ideal 
species to extend our work on primate personality and welfare. 
Our aims were twofold. First, we aimed to test if observers agreed on 
their ratings of welfare and subjective well-being and if these ratings 
were associated with another measure of welfare, in this case observed 
behavior. If this was found to be the case, then we aimed to test for 
associations between observer ratings of welfare, subjective well-being, 
and personality, measured using the six component structure from Weiss 
et al. (2011a). 
2. Methods 
2.1. Ethical note 
This study was non-invasive and complied with the US Animal 
Welfare Act (2013) and was approved by the University of Edinburgh’s 
Biological Services Unit, A3433-01. 
2.2. Subjects 
Subjects were 44 group-living rhesus macaques living at the CNPRC 
in Davis, California, USA. Thirteen of these macaques were male, and 
the sample ranged in age from 0.92 to 20.97 years (mean ± SD = 8.06 ±
4.88 years). See Supplementary Table 1 for the demographic breakdown 
of each group. Six macaques were removed from their social group 
during the study for veterinary reasons. Of these, five macaques were 
returned to their group during the study period and one was perma-
nently removed. 
The macaques lived in one of three groups (N = 16, 15, 13 respec-
tively). Each group was housed in one of three corn cribs, each con-
taining a rectangular cage (2.9 × 2.5 m) with a cylindrical cage (~4 m in 
diameter) on either side. Each corn crib had a gravel substrate, a metal 
ceiling, and contained enrichment items, such as plastic barrels and 
balls. Twice a day the macaques were fed monkey chow (Purina 5045 
and 5047) and once a day they were fed additional food items, such as 
oranges or unshelled peanuts; water was constantly available. 
2.3. Instruments 
We assessed welfare, subjective well-being, and personality using 
three questionnaires. The first questionnaire, concerning welfare, has 
been used to assess welfare in social primate species (Robinson et al., 
2017, 2016; Appendix 1)1 . In the first section of this questionnaire, 
observers were asked about their professional background and to define 
the indicators that they use to decide whether an animal had positive 
and negative welfare. The second section of this questionnaire consisted 
of 12 items based on five factors identified as being related to animal 
quality of life (McMillan, 2005), including social relationships, physical 
health, stress and coping, mental stimulation, and control of the physical 
and social environment. For this study we also included four new items 
to assess factors that may affect captive primate welfare, including hair 
loss (Honess et al., 2005; Kroeker et al., 2014), obesity (Bauer et al., 
2011), dominance status (Beisner and Isbell, 2011), and interactions 
with humans (Davey, 2007; Stoinski et al., 2012). The third section of 
this questionnaire was used to record demographic information about 
the animal, including its age and sex. Responses to each item were made 
on a five-point scale indicating very bad (1) to very good (5) welfare (the 
wording of the anchors was consistent with the content of the items, e.g., 
potential responses regarding the frequency of stress ranged from 
‘never’ to ‘constantly’). 
The second questionnaire, concerning subjective well-being, con-
sisted of four items and has been used to assess subjective well-being in 
nonhuman primates2 (King and Landau, 2003; Weiss et al., 2006). It 
asked observers to indicate how happy the animal is, how much pleasure 
the animal derives from social interactions, how successful the animal is 
at achieving its goals, and how happy the rater would be if they were 
that animal for a week. Observers made their responses on a seven-point 
scale ranging from “Displays either total absence or negligible amounts 
of the trait or state” to “Displays extremely large amounts of the trait”. 
The third questionnaire was used to assess the personalities of the 
subjects. For our purposes, we used the Hominoid Personality Ques-
tionnaire3 (HPQ), which consists of 54 items, each made up of an ad-
jective and up to three descriptive sentences (Weiss et al., 2017, 2009). 
For example, the item friendly is “FRIENDLY: Subject often seeks out 
contact with other monkeys for amiable, genial activities. Subject 
infrequently initiates hostile behaviors towards other monkeys.” 
1 The 16-item animal welfare survey can be found at https://www.drlauren 
robinson.com/surveysdesigned/  
2 The SWB questionnaire can be found at http://extras.springer.com/2011/ 
978− 1-4614− 0175-9 as weiss_monkey_wellbeing.pdf  
3 The HPQ can be found at http://extras.springer.com/2011/978− 1- 
4614− 0175-9/weiss_monkey_personality.pdf 
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(boldfaced text in the original). Observers made their responses using a 
seven-point scale that ranges from “Displays either total absence or 
negligible amounts of the trait” to “Displays extremely large amounts of 
the trait”. 
2.4. Ratings 
Table 1 summarizes the instruments, observers, and data collected. 
Welfare and subjective well-being ratings were made between February 
and June of 2016 by four researchers employed by the CNPRC with 
between 3 and 16 years of experience using behavior coding and rating 
scales in primate biobehavioral research. The welfare and subjective 
well-being questionnaires were completed by one researcher who was 
acquainted with the subjects (i.e., was able to identify individuals by 
name prior to the beginning of the study) and three researchers who 
were unacquainted with the subjects. The researcher who was 
acquainted with the subjects completed the welfare and subjective well- 
being questionnaires based on their most recent experience with the 
macaques. The three researchers who were unacquainted with the 
subjects were instructed to observe at all individuals within a studied 
group for a minimum of 30 min a day for five days, resulting in at least 
2.5 h of observation time for one entire group, before they completed the 
questionnaires. To be considerate of their busy schedule, we asked staff 
to observe at least one group and more only if their work schedules 
permitted. At the end of the observation period, all four researchers 
independently completed the welfare and subjective well-being ques-
tionnaires. Due to a clerical error, the subjective well-being survey was 
sent to two of the raters at a later date, which resulted in some animals 
being rated by fewer observers due to limited time on the part of the 
observers. Additionally, due to their limited time, we did not ask raters 
to keep track of how long they spent with each group, meaning we could 
not account for this variation. Finally, if an animal had been removed 
from the group and not returned during the study period, then the 
acquainted researcher was asked to complete ratings based on their most 
recent experience with the animal; one animal was rated in this manner. 
During the study period, again to be considerate of staff work 
schedules, personality ratings were made by the first author (LMR) and 
the same researcher that was acquainted with the macaques and filled 
out the welfare and subjective well-being questions whose ratings were 
based on their previous experience with the macaques. LMR rated all the 
macaques on personality after performing the behavioral observations, 
but before reviewing the other ratings, the behavioral data, and veter-
inary records and photos of the macaques, the latter two of which were 
used in two other studies (Altschul et al., 2019; Robinson et al., 2018). 
We replaced missing values with the mean value for the item (Downey 
and King, 1998). 
2.5. Behavioral observations 
All behavioral observations were performed by LMR, a researcher 
who, at the time of the study, had seven years of experience performing 
formal animal observations of animal welfare, including research on 
Macaca mulatta and Macaca fuscata, at three zoos and the Oregon Na-
tional Primate Research Center. Prior to observations of the three 
groups, LMR, who had not worked with the studied individuals before 
this, spent three days learning to identify individuals within one group. 
LMR then observed this group for 15 days and observed each macaque 
once a day, if present, for 15 min. Observation order was randomized on 
the first day and then rotated so that the first macaque observed on Day 
1 was the last macaque observed on Day 2, and so forth. LMR repeated 
this process until all three groups had been observed. 
Observations took place in January to March of 2016. Behavioral 
observations were conducted using focal animal sampling (Altmann, 
1974). Frequencies and durations of behaviors were recorded using 
Noldus Pocket Observer 3.2 on an Android tablet. We used the ethogram 
from our previous study of rhesus macaque personality and health 
(Robinson et al., 2018; Supplementary Table 2). The behaviors recorded 
included, among others, independent play (duration per observation), 
locomotor stereotypy (duration per observation), scratch (frequency per 
observation), and give aggression (frequency per observation). If an 
individual had to be removed from their social group for any reason, 
then these animals were observed up until their removal and observa-
tions were resumed if they were added back into their social group 
during the observation period. Factoring this in, each macaque was 
observed for a mean of 186.85 min (± SD = 48.87). 
2.6. Statistical analysis 
We performed our analyses using version 4.0.0 of R (R Core Team, 
2020). To assess the interrater reliabilities of ratings for individual 
items, we computed two intraclass correlation coefficients for in-
dividuals rated by at least two observers: ICC(3,1), which estimates the 
reliability of single ratings, and ICC(3,k), which assesses the reliability of 
mean ratings based on k raters (Shrout and Fleiss, 1979). The ICCs for 
the welfare items were based on 42 macaques who had been rated by 4 
raters (k = 2.26). For subjective well-being, ICCs were based on ratings 
of 27 macaques by 2 raters (k = 2.00). For personality, ICCs were based 
on ratings of 44 macaques by 2 raters (k = 2.00). Items with reliabilities 
that were equal to or less than zero were omitted from further consid-
eration. Data from all 44 rhesus macaques was used for all the statistics 
that followed. 
We used principal-components analyses (PCA) to reduce the 
dimensionality of our welfare and subjective well-being measures and to 
test whether they assessed the same construct. To do so we took means 
of the welfare and subjective well-being item scores across raters to 
obtain a single score on each item for each macaque. Using these scores, 
we conducted an analysis of welfare items and the subjective well-being 
items. We extracted the number of dimensions recommended by a 
parallel analysis, which we conducted using the paran function in R 
(Dinno and Dinno, 2010; Horn, 1965), and an inspection of the scree 
plot. 
After extracting components, we created unit-weighted component 
scores by assigning a weight of +1 or -1, depending on sign of the 
loading, and whether it was the highest absolute loading, to loadings 
greater than or equal to |0.4|, and assigning a weight of 0 to all other 
loadings (Gorsuch, 1983). We used the results of our PCA to determine 
the weights for the welfare and subjective well-being scale and the re-
sults of an earlier report of rhesus macaque personality to determine the 
weights used to create scores that represented the personality domains 
of Confidence, Openness, Dominance, Friendliness, Activity, and Anxi-
ety (Table 1 in Weiss et al., 2011b). 
We grouped behaviors into categories to reduce the number of sta-
tistical tests and, hence, the Type I error rate. The category “Grooming” 
included give grooming and self-groom. “Play” included independent 
play and social play. “Stereotypies” included pacing, back flipping, 
rocking, and head toss/twirl. “Displacement” included yawn, shake/ 
Table 1 
Summary of instruments, observers, and data collected.  
Instrument Observers Mean raters Surveys collected Item responses Missing items 
Welfare questionnaire One acquainted, three unacquainted researchers 2.2 97 1552 7 
Subjective well-being questionnaire One acquainted, one unacquainted researcher 1.61 71 122 0 
Hominoid Personality Questionnaire LMR and acquainted researcher 2 88 2376 0  
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shiver/twitch, and scratch. “Abnormal behavior” included self-suck/ 
clasp, self-bite/injure, salute/eye-poke, coprophagy, teeth grind, and 
regurgitation and re-ingestion. Several behaviors, i.e., time in proximity, 
time alone, receive aggression, give aggression, and environment 
explore were treated separately, as they were not easily categorized; 
receive grooming was also treated separately as it was made up of the 
sum of total received grooming from (potentially) multiple other ma-
caques during the observation. 
Next, to examine the associations between behaviors, on the one 
hand, and welfare and subjective well-being on the other, we fit a series 
of Generalized Linear Mixed Models and linear models. Conceptually, 
these models are essentially identical to classical procedures such as 
(repeated measures) ANOVA or regression. However, they allow for 
more flexibility regarding the assumptions about the residuals (pre-
cisely, the distribution of the response given the model) and also can 
better cope with unbalanced data (Mundry, 2017, 2019), which is why 
we used them here. For all models, sex = female was used as the 
reference level. Specifically, we fit three types of models. 
First, for the durational response variables (excepting receive 
grooming) we used Generalized Linear Mixed Effects models with beta 
error distribution and logit link function using the glmmTMB package in 
R (Magnusson et al., 2018). The response variables environment 
explore, time in proximity, time alone, and three of the behavioral 
categories (i.e., grooming, play, and stereotypies) were divided by (the 
maximum time observable (900 s) – time out of sight), revealing the 
proportion of time the individuals spent with each of the six behaviors. 
We fit one beta regression model for each of the six response variables. 
These models estimated to what extent the proportion time spent with 
the respective behaviors (i.e., the response variables) were affected by 
the predictors in the model. Fixed effects predictors in the models were 
age, sex, and the welfare and subjective well-being component scores. 
Beta regression was not appropriate for the ‘receive grooming’ 
behavior as the total time groomed by (potentially) multiple conspe-
cifics in the same session could exceed the maximum time observable. 
Therefore, we used a linear mixed-effects model using the function lmer 
of the R package lme4 (Bates et al., 2015) with ‘received grooming’ as 
the dependent variable, which we log transformed to account for its 
right skewed distribution. Fixed effects in the model were age, sex, and 
the welfare and subjective well-being component scores. We also 
included total time out-of-sight during observations as a fixed effect to 
adjust for the fact that some animals were not always visible to the 
observer. 
Lastly, for behaviors for which we counted the number of occur-
rences, we used Generalized Linear Mixed Effects Models with a Poisson 
error distribution and log link function using the function glmer of the R 
package lme4 (Bates et al., 2015) with received aggression, given 
aggression, and displacement behaviors as the dependent variables (i.e., 
one model for each of these response variables). Fixed effects in the 
models were age, sex, and the welfare and subjective well-being 
component scores; maximum time observable (900 s) – time out of 
sight was included as an offset variable (log-transformed). One behav-
ioral category, Abnormal, was dropped before analyses due to there 
being too few instances of the behaviors (51 occurrences across 5 be-
haviors, 623 observations, and 44 macaques). In all the above described 
models, Animal ID was included as a random effect to account for 
variation between individuals. 
Following Gelman and Hill (2006), beta and Poisson models were 
checked for overdispersion using the ‘overdisp.test’ command from the 
‘overdisp_correction.r’ source code, provided by a statistician (Roger 
Mundry). Based on the statistician’s recommendation, we corrected beta 
models with dispersion parameters equal or above 1.2 using the ‘over-
disp_correction.r’ source code. If a Poisson model was found to have a 
dispersion parameter equal or above 1.2, then we switched the distri-
bution to a negative binomial model and again, checked for over-
dispersion; if the negative binomial distribution produced a dispersion 
parameter below 1.2, then this result was reported. 
Next, we conducted analyses to examine the associations between 
the component or components derived from the PCA of the welfare 
subjective well-being items and the personality domains. We first tested 
whether any of the personality domains were related to the component 
score or scores. To do so, we used the corr.test function of the psych 
package (Revelle, 2011) to conduct Spearman rank correlations; we also 
tested the correlation between personality dimensions using the same 
method. We then fit a linear model using the lm function; the component 
score or scores based on the results of the PCA served as dependent 
variables. The sex, age, and the six personality dimensions were 
included as fixed effects. However, due to problems with multi-
collinearity, we instead ran six different linear models with sex, age, and 
a single personality dimension as the fixed effects and corrected the 
p-value using a Bonferroni correction. The linear model with all six 
components and variable inflation values can be found in Supplemen-
tary Table 3. 
For all the linear and Generalized Linear Mixed Effects models, we 
transformed the continuous predictor variables by centering them and 
dividing them by twice the standard deviation; mean and SD of these 
variables before transformation can be found in Supplementary Table 4. 
Doing so aids in the interpretation of results as this makes the effect sizes 
of these variables comparable to the binary variable, i.e., sex (Gelman, 
2008). Finally, confidence intervals were calculated using the ‘confint’ 
command from the MASS package (Venables and Ripley, 2002) and the 
boot.lmer from Roger Mundry. 
2.7. Data availability 
These data and R code have been made publicly available in the 
supplementary materials section and online at the following DOI: 
10.17605/OSF.IO/4NVYJ. 
3. Results 
3.1. Interrater reliabilities of items 
ICC(3,1) estimates for welfare items ranged from 0.04 to 0.61. The 
ICC(3,k) estimates for these items ranged from 0.09 to 0.78. ICC(3,1) 
estimates for the subjective well-being items ranged from -0.03 to 0.54. 
The ICC(3,k) estimates for these items ranged from -0.06 to 0.70 
(Table 2). The mean across welfare and subjective well-being items was 
0.25 and 0.39 for the ICC(3,1) and ICC(3,k), respectively. For the HPQ 
items, ICC(3,1) ranged from -0.18 to 0.90 (mean = 0.44) and ICC(3,k) 
ranged from -0.46 to 0.94 (mean = 0.54) (Supplementary Table 5). 
Given these results, we were led to omit one subjective well-being item 
(the amount of time that the animal is happy) and four HPQ items (stable, 
solitary, affectionate, and protective). 
3.2. Principal-components analysis 
Three components had eigenvalues greater than 1. Parallel analysis 
indicated that only the first was greater than what one would expect 
from random data at the 95th percentile. The scree plot of the 16 welfare 
items and the 3 reliable subjective well-being items also indicated that 
there was a single component. The three reliable subjective well-being 
items and all but one welfare item (effect of weight) had salient load-
ings on this component (Table 3). To be consistent with our previous 
papers (Robinson et al., 2016, 2017), we named this component 
welfareSWB. 
3.3. Generalized mixed effect linear models 
In the beta regression models of the proportion of time individuals 
spent with different behaviors, we found no significant effects of wel-
fareSWB on any of the proportion of times individuals spent performing 
the durational behaviors (Table 4; the standard deviations, precision 
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parameter values, and variance explained by the random effect of sub-
ject ID are available in Supplementary Table 6). In the linear model with 
the amount of grooming received (marginal R2 = 0.04; intercept: b=- 
2.94, SE = 0.07, P < 0.001, CI 2.14–2.75), we found that male macaques 
received less grooming (b=-0.68, SE = 0.30, P = 0.02, 95 % CI -1.26 to 
-0.11) and that the amount of grooming received increased with age (b =
0.59, SE = 0.28, P = 0.034, 95 % CI 0.06–1.13) but we found no sig-
nificant effects of welfareSWB (b = 0.47, SE = 0.27, P = 0.086, 95 % CI 
-0.05 to 0.99) or time out of sight (b=-0.16, SE = 0.02, P = 0.35, 95 % CI 
-0.05 to 0.02). For the frequency behaviors, we found all three to be 
overdispersed with a Poisson distribution but switching to a negative 
binomial distribution solved this problem. In the negative binomial 
models with frequency of behaviors as the response, we found that 
macaques with higher welfareSWB score received considerably less 
aggression and also performed considerably less displacement behaviors 
(Table 5; Figs. 1 and 2, respectively). We found no significant effects on 
the amount of aggression given (Table 5). The Spearman correlations of 
the behavioral categories can be found in Supplementary Table 7. 
3.4. Correlation and linear model of welfareSWB and personality 
dimensions 
Higher welfareSWB was significantly correlated with higher Confi-
dence, Openness, Dominance, and Friendliness (Table 6). Activity and 
Anxiety were not correlated with WelfareSWB. The Spearman correla-
tions between the personality components can be found in Supplemen-
tary Table 8. In the linear model that included Confidence, we found that 
macaques that were younger and scored higher in Confidence were rated 
as having higher welfareSWB (Table 7). In the linear model that 
included Openness, we found that macaques that scored higher in 
Openness were rated as having higher welfareSWB. In the linear model 
that included Dominance, we found that macaques that were higher in 
Dominance were rated as having higher welfareSWB. In the linear model 
Table 2 
Interrater reliability of welfare and SWB items.  
Item ICC(3,1) ICC(3,k) 
Welfare items   
Benefit of rank* 0.61 0.78 
Social control 0.53 0.72 
Positive/negative experience 0.33 0.52 
Stress frequency 0.32 0.51 
Negative welfare 0.30 0.50 
Stress coping 0.27 0.46 
Psychological stimulation 0.22 0.40 
Positive welfare 0.22 0.38 
Overgrooming* 0.21 0.38 
Effect of experience 0.20 0.36 
Physical health 0.18 0.33 
Number of relationships 0.15 0.29 
Environmental control 0.15 0.28 
Quality of relationships 0.12 0.24 
Interactions with humans* 0.08 0.17 
Effect of weight* 0.04 0.09  
Subjective well-being items   
SWB Goal achievement 0.54 0.70 
SWB Social satisfaction 0.23 0.38 
SWB Happiness as animal 0.23 0.38 
SWB Time animal is happy − 0.03 − 0.06  
Mean reliabilities of all items 0.25 0.39 
Note. SWB = subjective well-being. Welfare ratings based on 42 rhesus ma-
caques; SWB ratings based on 27 rhesus macaques. Welfare k = 2.26 raters per 
animal; SWB k = 2.0. 
* new item. 
Table 3 
16 welfare items, 4 new items, and subjective well-being items.  
Item Loading h2 
SWB Social Satisfaction 0.90 0.80 
Number of relationships 0.89 0.80 
Positive/negative experiences 0.88 0.78 
Social control 0.88 0.77 
SWB Happiness as animal 0.88 0.77 
Positive welfare 0.87 0.76 
Stress frequency − 0.85 0.72 
SWB Goal achievement 0.85 0.72 
Negative welfare − 0.84 0.70 
Environmental control 0.81 0.65 
Quality of relationships 0.78 0.60 
*Benefit of rank 0.76 0.58 
Stress coping 0.76 0.57 
Effect of experience 0.72 0.51 
Overgrooming* − 0.64 0.41 
Psychological stimulation 0.57 0.32 
Physical health 0.50 0.25 
Interactions with humans* 0.44 0.20 
Effect of weight* 0.21 0.04 
Note. N = 44. SWB = subjective well-being. Proportion of variance accounted 
for = 58 %. h2=communalities. 
* item is one of four newly designed questions. 
Table 4 
Beta models of durational behavior predicted by welfareSWB, sex, and age with 
animal identity as a random effect.  
Model b SE CI p 
Grooming behaviors 
Intercept − 2.94 − 2.94 [-3.07,-2.81] <0.001 
WelfareSWB − 0.04 − 0.04 [-0.20,0.12] 0.62 
Male − 0.25 − 0.25 [-0.43,-0.08] 0.005 
Age − 0.03 − 0.03 [-0.19,0.13] 0.695 
Mariginal R2     
0.01     
Locomotor stereotypies*,†
Intercept − 5.58 0.14 [-5.70,-5.47] <0.001 
WelfareSWB − 0.31 0.19 [-0.47,-0.15] 0.098 
Male − 0.12 0.19 [-0.29,0.04] 0.52 
Age 0.11 0.17 [-0.04,0.26] 0.53 
Mariginal R2     
0.04     
Play behaviors*,†
Intercept − 4.81 0.11 [-4.96,-4.66] <0.001 
WelfareSWB 0.11 0.14 [-0.09,0.32] 0.43 
Male 0.01 0.16 [-0.21,0.23] 0.96 
Age − 0.58 0.16 [-0.80,-0.37] <0.001 
Mariginal R2     
0.08     
Environment explore*,†
Intercept − 3.25 0.08 [-3.39,-3.12] <0.001 
WelfareSWB 0.00 0.09 [-0.15,0.16] 0.96 
Male − 0.11 0.11 [-0.29,0.06] 0.290 
Age − 0.60 0.11 [-0.78,-0.42] <0.001 
Mariginal R2     
0.06     
Time alone 
Intercept − 1.75 0.07 [-1.89,-1.61] <0.001 
WelfareSWB − 0.08 0.11 [-0.29,0.13] 0.47 
Male 0.18 0.12 [-0.05,0.41] 0.13 
Age 0.35 0.11 [0.13,0.56] 0.002 
Mariginal R2     
0.04     
Time in proximity 
Intercept − 1.13 0.08 [–1.28,-0.99] <0.001 
WelfareSWB − 0.06 0.12 [-0.30,0.17] 0.61 
Male 0.15 0.13 [-0.11,0.41] 0.26 
Age 0.27 0.12 [0.02,0.51] 0.033 
Mariginal R2     
0.03     
Note. N = 44. Boldface values were significant at P < 0.05; Marginal R2 esti-
mates were close to zero and may be unreliable. Sex: female = 0; male = 1. 
* Indicates model was corrected for overdispersion. 
† CI were not corrected for overdispersion and therefore likely too narrow. 
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that included Friendliness, we found that macaques that were higher in 
Friendliness were rated as having higher welfareSWB. We found no 
relationship between Activity, Anxiety, or age and sex in the models that 
included these components. The relationship between personality and 
welfareSWB is depicted in Fig. 3. 
4. Discussion 
We found that all but one subjective well-being item and four per-
sonality items had positive interrater reliabilities and that welfare and 
subjective well-being items loaded onto a single component (welfar-
eSWB). Macaques with higher scores on this component performed 
significantly fewer displacement behaviors and received less aggression. 
Higher welfareSWB scores were also significantly correlated with higher 
Confidence, Openness, Dominance, and Friendliness, all of which were 
significantly associated with welfareSWB in individual linear models. 
Previous studies have shown that observers agree on their scoring of 
behaviors that indicate welfare status, such as pain measured with 
grimace scales (as reviewed by Descovich, 2017; Leach et al., 2012) and 
lameness measured with gait scores (Brenninkmeyer et al., 2007). Our 
findings here show similarly that observers agree on ratings of welfare, 
which is compelling given we had a mix of acquainted and unacquainted 
observers. Perhaps, when observers are experienced with the species, as 
our observers were, they do not have to know the individual for long to 
be able to agree on their welfare status, though of course increased time 
with the animals would likely have increased the degree of agreement. 
That higher welfareSWB was associated with performing fewer 
Table 5 
Negative binomial models of frequency behavior predicted by welfareSWB, sex, 
and age with time out of sight as an offset and animal identity as a random effect.  
Model b SE CI p 
Receive aggression 
Intercept − 7.46 0.15 [-7.79,-7.18] <0.001 
WelfareSWB − 1.26 0.27 [-1.82,-0.72] <0.001* 
Male − 0.48 0.29 [-1.08,0.06] 0.095 
Age − 1.77 0.31 [-2.46,-1.18] <0.001 
Mariginal R2     
0.33     
Give aggression 
Intercept − 7.46 0.18 [-7.83,-7.15] <0.001 
WelfareSWB 0.49 0.31 [-0.08,1.11] 0.12 
Male − 0.25 0.33 [-0.90,0.39] 0.45 
Age 0.05 0.31 [-0.55,0.65] 0.88 
Mariginal R2     
0.30     
Displacement behaviors 
Intercept − 5.68 0.07 [-5.82,-5.55] <0.001 
WelfareSWB − 0.35 0.12 [-0.56,-0.13] 0.003 
Male 0.15 0.13 [-0.11,0.40] 0.25 
Age − 0.23 0.12 [-0.48,-0.01] 0.051 
Mariginal R2     
0.06     
Note. N = 44. Boldface values were significant at P < 0.05; Marginal R2 esti-
mates were close to 0 and may be unreliable. Sex: female = 0; male = 1. 
* value was significant at P < 0.05 after correction. 
Fig. 1. Number of aggressions received in an observation time of 900 s, which 
roughly equals the average observation time, as a function of welfareSWB score. 
Bubbles indicate the average number of aggressions received per binned wel-
fareSWB score whereby the area of the bubbles depicts the number of data 
points per bin (N = 14 to 89). The dashed line and grey polygon depict the 
fitted model and its confidence limits (with all other effects centered to a mean 
of zero). Note that the estimated number of aggressions received decreased 
from almost 0.97 to ca. 0.27 from individuals lowest to highest on the wel-
fareSWB score. 
Fig. 2. Number of displacement behaviors performed in an observation time of 
900 s, which roughly equals the average observation time, as a function of 
welfareSWB score. Bubbles indicate the average number of displacement be-
haviors per binned welfareSWB score whereby the area of the bubbles depicts 
the number of data points per bin (N = 14 to 89) The dashed line and grey 
polygon depict the fitted model and its confidence limits (with all other effects 
centered to a mean of zero). Note that estimated number of displacement be-
haviors approximately halved from ca 4.1 to ca. 1.96 from individuals lowest to 
highest on the welfareSWB score. 
Table 6 
Spearman correlations of rhesus macaque personality components and welfar-
eSWB component.  
Component r 95 % CI P 
Confidence 0.82 [0.68,0.90] <0.001 
Openness 0.40 [0.12,0.63] 0.025 
Dominance 0.75 [0.59,0.86] <0.001 
Friendliness 0.56 [0.31,0.73] <0.001 
Activity 0.31 [0.01,0.55] 0.084 
Anxiety − 0.24 [-0.50,0.06] 0.12 
Note. N = 44. Boldface values were significant at P < 0.05. 
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displacement behaviors and receiving less aggression, which have 
traditionally been used as negative welfare indicators (Troisi, 2002), 
suggests that observers may have used these behavioral indicators to 
make their judgements. 
The observers did not appear to use play behavior when making their 
ratings of welfare and subjective well-being. This may be because play 
behavior is difficult to judge and/or less commonly seen (Mellor and 
Beausoleil, 2015; Yeates and Main, 2008), may not be a reliable 
behavioral indicator of positive welfare (Yamanashi et al., 2018), or that 
the survey questions may have been inappropriate for capturing in-
dicators of positive welfare, suggesting further modifications and studies 
are needed. However, it’s worth noting that while we found no associ-
ation between welfareSWB and what are considered to be behavioral 
indicators of positive welfare, we are not alone in this. Play for example, 
is often discussed as a positive welfare indicator (Held and Špinka, 
2011). Yet, Ahloy-Dallaire et al. (2018) found that reduced welfare can 
result in reduced play in animals and children, though they note cases 
where the opposite is true, but could not find enough evidence to 
determine if it is an indicator of positive welfare or merely neutral 
welfare. Perhaps the lack of support for these measures is unsurprising 
given how little research is available on them. A recent review by 
Lawrence et al. (2019) showed that there are only 71 papers that use the 
keywords “positive welfare” and “animal” in the title, key words, and 
abstract. Given the limited literature and mixed findings, it is possible 
that it is not the survey that is problematic but instead the behaviors 
used to indicate positive welfare. 
Some researchers discuss animal welfare as being made up of 
different factors (McMillan, 2005) or domains (Mellor and Beausoleil, 
2015). However, the view that welfare is multidimensional (Botreau 
et al., 2007; Fraser, 1995) was not borne out in this study as we found a 
unidimensional structure of the welfare and subjective well-being items. 
This unidimensionality of welfare was also found in studies of brown 
capuchins (Robinson et al., 2016) and chimpanzees (Robinson et al., 
2017), i.e., these studies also found a single component that captured 
welfare and subjective well-being variance. This suggests that at the 
level of the individual, welfare may not be separated into different di-
mensions or factors (e.g., social, physical, psychological), but that these 
different aspects of welfare all contribute to a single welfare dimension. 
We found that macaques with higher welfareSWB scores were 
significantly higher in Confidence, Openness, Dominance, and Friend-
liness. Similar associations were shown between personality and welfare 
in brown capuchins: younger animals and those higher in Assertiveness 
and Sociability, and lower in Attentiveness and Neuroticism, had higher 
welfareSWB (Robinson et al., 2016). Previous work in semi-free-ranging 
rhesus macaques (Weiss et al., 2011b) found that, as in this study, higher 
Confidence and Friendliness were associated with subjective well-being, 
though they also found higher levels to be related to lower Anxiety. The 
differences between results may be due to our inclusion of questions on 
more traditional aspects of welfare, such as physical health and stress, 
the fact that one sample was derived from a research center and the 
other sample was derived from a semi-free-ranging population, or that 
we lacked the statistical power to find these associations. 
It’s important that we acknowledge the limitations of our study. For 
example, all observations were performed by LMR and thus we were 
unable to test interobserver reliability. As a higher number of ratings can 
be averaged across observers, which results in more reliable data (Vazire 
et al., 2007), the clerical error that led to 17 macaques only being rated 
once on the subjective well-being survey was less than ideal. Addition-
ally, the reliability of some of the items were lower than in past studies, 
likely due to the lower number or raters and/or their limited time with 
the animals. As such, future research replicating these findings, ideally 
with a higher number of familiar and unfamiliar observers, will be 
valuable for testing the generalizability of these results. It is worth 
noting that in spite of a lower number of ratings, primarily unfamiliar 
observers, and some animals only being rated once on subjective 
well-being, we still found the majority of the items to load onto the 
structure produced by PCA, where only items with reliable variance 
would load at our criteria of |0.40|, resulting in similar structure to those 
found in our other studies of brown capuchins and chimpanzees (Rob-
inson et al., 2016, 2017). That this structure was related to observed 
behaviors suggests that these ratings and items were valuable and 
appropriate to include in our analyses. An additional limitation was that 
we had relatively few observations for such a behaviorally complex 
species. This means that null findings between rating and behavioral 
data may simply reflect the inability to separate signal from noise—i.e., 
consistent behavioral differences (which should reflect personality rat-
ings) from fluctuating behavioral expressions (which might reflect 
situational factors not captured by the ratings). A longer observation 
period and a larger sample size would be beneficial to future studies of 
this topic. 
The significant relationship between higher Confidence and higher 
welfareSWB in this sample may have come about because, as we showed 
in a previous report, rhesus macaques (including the animals from the 
present sample) that are higher in Confidence tended to be injured less 
frequently (Robinson et al., 2018). Other studies have shown that per-
sonality differences are related to nonhuman primate welfare, whether 
measured using behavioral indicators (e.g., Gottlieb et al., 2013, 2015; 
Peterson et al., 2017), ratings of subjective well-being (e.g., King and 
Landau, 2003), or health (e.g., Jin et al., 2013; Weiss et al., 2013). Taken 
Table 7 
Linear models of rhesus macaque welfareSWB predicted by each personality 
component.  
Model b SE CI p  
Confidence model 
Intercept 0.00 1.09 [-2.19,2.19] 1.00 
Age − 11.38 1.94 [-15.30,-7.46] <0.001 
Male − 0.01 2.06 [-04.16,4.14] 1.00 
Confidence 24.94 1.88 [21.14,28.73] <0.001 
R2     
0.83      
Openness model 
Intercept − 1.57 2.33 [-6.27,3.14] 0.50 
Age 5.29 5.59 [-6.00,16.58] 0.35 
Male 5.30 4.43 [-3.66,14.26] 0.24 
Openness 14.84 5.41 [3.90,25.77] 0.009 
R2     
0.21      
Dominance model 
Intercept − 1.26 1.54 [-4.36,1.85] 0.42 
Age − 2.77 2.69 [-8.21,2.66] 0.31 
Male 4.25 2.90 [-1.61,10.10] 0.15 
Dominance 21.42 2.60 [16.16,26.67] <0.001 
R2     
0.65      
Friendliness model 
Intercept − 0.59 2.10 [-4.83,3.66] 0.78 
Age − 1.17 3.78 [-8.82,6.47] 0.76 
Male 1.99 3.96 [-6.02,10.00] 0.62 
Friendliness 15.55 3.69 [8.09,23.00] <0.001 
R2     
0.35      
Activity model 
Intercept − 0.75 2.43 [-5.66,4.16] 0.76 
Age 2.33 6.04 [-9.87,14.54] 0.70 
Male 2.54 4.58 [-6.73,11.80] 0.58 
Activity 10.68 6.00 [-1.45,22.80] 0.083 
R2     
0.13      
Anxiety model 
Intercept − 0.12 2.37 [-4.92,4.68] 0.96 
Age − 12.86 5.11 [-23.19,-2.52] 0.016 
Male 0.41 4.56 [-8.81,9.64] 0.93 
Anxiety − 12.10 4.95 [-22.10,-2.10] 0.019 
R2     
0.18     
Note. N = 44. Boldface values are significant at P < 0.05 after Bonferroni 
correction. Sex: female = 0; male = 1. 
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together, such findings suggest that individual differences in personality 
and welfare reflect a need to individualize the care of captive animals, 
such as by providing additional veterinary exams and care to those more 
likely to become injured or receive more aggression. 
Though we feel more validation work needs to be done, for example 
through testing the long-term stability of ratings and how much time 
observers need know an animal to produce reliable welfare ratings, we 
see multiple lines of application for both welfare surveys and the rela-
tionship between welfare and personality First, the identification of 
animals with reduced welfare, which can then be used to improve it. 
While physical injuries, like broken bones and lacerations, are 
commonly seen and treated quickly, it is be more difficult to identify 
when other aspects of welfare, such as from reduced ability to cope with 
their social environment, are compromised. The welfareSWB survey 
covers multiple aspects of welfare, including psychological welfare, and 
thus the scores derived from it may be a useful indicator of overall 
welfare that can be used to find such individuals and then intervene, 
such as by moving animals to a new social group or more appropriate 
environment for their needs. This brings us to our second application, to 
track welfare over time and in response to changes, such as the addition 
of a new group member. Although the validation methods and statistics 
within this paper may be complex, the actual entry and tracking of 
welfare scores over time is far less so. Funded projects, like WelfareTrak 
(Chicago Zoological Society, 2021) and Animal Welfare Assessment Grid 
(Justice et al., 2017), show that this can be made user friendly with 
observers simply answering questions online and the program tracking 
and graphing these scores, suggesting that our survey could similarly be 
used. Regarding personality, we previously mentioned that the rela-
tionship between personality and welfare could be used to individualize 
care, such as provision of additional enrichment or more frequent vet-
erinary exams. In line with this, we suggest that studies testing if per-
sonality predicts how beneficial different types of enrichment (e.g.., 
social, physical, nutritional, occupational, and sensory; Bloomsmith 
et al., 1991) are for animals, may be useful improving their welfare. For 
example, if less extraverted animals benefit more from physical 
enrichment than social, then these individuals may be best kept in 
smaller groups with more items within their enclosure. As welfare is an 
individual experience, we believe that moving towards individualized 
care that consider who animals are (i.e., their personality) will be 
beneficial to their welfare. 
Observers that are experienced and knowledgeable about a species, 
such as research assistants, animal technicians, and zoo keepers, may 
provide reliable and valid animal welfare scores, even if they spend 
relatively little time getting to know individual animals. Further, by 
considering animal welfare as an individual experience that is connected 
to personality, we begin to see the complex relationships that determine 
and influence an individual animal’s welfare and happiness. This leaves 
us not only better prepared to study these needs, but to meet them in the 
future through individualized care. 
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Fig. 3. Relationship between each of the six personality component scores (x-axes) and welfareSWB component score (y-axes). Each dot represents one individual 
rhesus macaque (N = 44). Dashed and dotted lines depict the fitted model and its confidence limits. 
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